Introduction
In many areas of North America, the historical regime of frequent surface fires ignited by lightning and humans maintained open canopy woodlands dominated by fireresistant trees (Ware et al. 1993; Covington & Moore 1994; Sparks et al. 1998) . Understories in these communities often included a vigorous grass component and possessed high species richness, particularly at fine spatial scales (Peet et al. 1983 ). Reductions in fire frequency resulting from active fire suppression and changing land use patterns have led to substantial decreases in fire frequency, increases in stand density and declines in understorey richness and productivity (e.g. Ware et al. 1993; Covington & Moore 1994) . In some ecosystems, increases in canopy density and decreases in grass cover have contributed to a shift in disturbance regime from low intensity surface fires to infrequent but catastrophic crown fires (e.g. Covington & Moore 1994) ; in others, fires of all types have become less likely as open canopy woodlands have been replaced by less pyrogenic mesic forests (e.g. Ware et al. 1993 ).
In western Great Smoky Mountains National Park (GSMNP), Tennessee, changes in fire regime have led to considerable changes in canopy composition and structure. In the late 19th and early 20th centuries, xeric slopes and ridges burned with a mean rotation of 12.7 yr (Harmon 1982) ; the majority of fires were probably ignited by humans (Barden & Woods 1973; Bratton & Meier 1998) .
The removal of human settlements prior to establishment of the park in 1934 and the onset of effective fire suppression circa 1940 increased mean fire rotation to over 500 yr (Harmon 1982) . Between the 1930s and 1990s, mean density and basal area of canopy trees doubled, and lightdemanding, fire-resistant taxa such as Pinus subgenus Pinus1 and Quercus declined, while more shade-tolerant species such as Acer rubrum increased (Harrod et al. 1998; Harrod & White 1999) . Similar trends have been reported throughout the southern Appalachian Mountains (e.g. Sutherland et al. 1995; Bratton & Meier 1998; Williams 1998) . Although several studies have addressed effects of changing fire regimes on canopy structure and composition and documented short-term understorey responses to fire in southern Appalachian forests (Elliott et al. 1999; Waldrop & Brose 1999) , 1We distinguish Pinus subg. Pinus, the relatively shade-intolerant, fire-resistant two-and three-needled 'yellow' pines, from the more shade-tolerant, fire-sensitive Pinus strobus (Little & Critchfield 1969; Harmon 1984; Burns & Honkala 1990) . Since no confusion can arise in this paper, we will write Pinus hereafter. (Harmon 1982) . Additional information on vegetation, climate, geology and disturbance history of the region can be found in Harmon (1982) , Harmon et al. (1983) , Pyle (1988) and Harrod et al. (1998) . We identified xeric plots in this data set using a topographic moisture index (derived from a digital elevation model) that combines relative slope position, incident solar radiation and local curvature; for details see Harrod et al. (1998) . Xeric sites identified using this index include east, west and south-facing, moderately concave to highly convex upper slopes and ridges. The present study focuses on two groups of xeric plots with no history of past settlement or agricultural clearing (Table 1) We documented recent fire effects and post-fire succession on permanent plots using total densities of tree seedlings and sprouts (stems < 0.5 cm DBH), saplings (stems 0.5-10 cm DBH) and canopy trees (stems > 10 cm DBH), basal area of stems of tree species > 0.5 cm DBH, and percent cover of woody shrubs, vines and herbs. Densities of canopy trees observed over the period 1977-1995 are compared with previously published values for xeric plots in western GSMNP sampled between 1935 and 1937 (Harrod et al. 1998 ). Species richness of woody shrubs, vines and herbs was documented for individual quadrats (4 m2 for shrubs and vines, 1 m2 for herbs) and for all 25 quadrats within a plot combined. To facilitate temporal comparisons, vegetation descriptions presented below include only the six burned and seven unburned plots sampled through 1995. To examine effects of site and fire characteristics on vegetation response, we generated a ma- All 10 plots that burned in 1976-1977 were used in the correlation analysis.
Results

Tree mortality and regeneration
Fire effects varied considerably between plots, with basal area kill ranging from 4 to 93%, post-fire litter depth from less than 1 to 3 cm and post-fire canopy cover from 11 to 86%. Percent basal area killed showed a highly significant positive correlation with post-fire canopy opening, and both measures showed significant positive correlations with pre-fire pine beetle damage (Table 2) . Post-fire litter depth was not significantly correlated with measures of canopy damage. However, litter depth did show a significant correlation with bur season, tending to be lower following summer burns and higher following winter burns.
Mean post-fire densities of live stems >10 cm DBH Table 3 . Mean densities (stems/ha) of canopy trees (> 10 cm DBH; first number) and saplings (0.5 -10 cm DBH; second number) in xeric permanent plots that burned in 1976-1977 and in topographically similar plots that have not burned since before 1940.
Burned plots Unburned controls Species Pre-fire 1977 Pre-fire -1978 Pre-fire 1984 Pre-fire 1995 Pre-fire 1977 Pre-fire -1978 Pre-fire 1995 were similar to those of xeric plots sampled in th 1930s (Fig. 1) . Mortality patterns varied with species and fire severity; in all plots, mortality was higher for small stems (Table 3) . On plots in which fires killed > 25% o basal area, 30 to 85% of canopy trees (stems > 10 cm DBH) and 87% to 99% of saplings (stems < 10 cm DBH) were killed. No species-specific patterns of canop disturbance were evident in these severe fires; all spe cies experienced relatively high mortality, and specie dominant in the pre-fire canopy remained dominan following fire. On plots in which fires killed < 25% o basal area, 0 to 7% of canopy trees and 29% to 60% o saplings were killed. At sizes between 3 and 10 cm DBH species varied considerably in their fire resistance, wi thick-barked species such as Pinus rigida, Quercusprin and Nyssa sylvatica surviving better than thin-barke 800
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1930s Pre-fire 1977 Pre-fire -78 1984 Pre-fire 1995 Pre-fire 1977 Pre-fire -78 1995 Burned Unburned Canopy and sapling strata of unburned plo pled in 1977-1978 generally resembled those plots prior to fire, but had higher basal areas less extensive pine beetle damage. Mean total tree seedlings and sprouts < 0.5 cm DBH was tially lower than values observed on recentl plots in the first eight years after fire, and see saplings of P. virginiana and P. rigida were dant on unburned than on burned sites. While total canopy density and basal area on some unburned plots 
Woody shrubs and vines
Shrub and vine cover re-established rapidly following fire, increasing from 14% the first year to 23% the second; it peaked at 36% in year 8 before declining to 24% in year 18 (Table 5) . Maximum shrub cover showed a significant positive correlation with post-fire litter depth and a significant correlation with season (highest for winter burns) but was uncorrelated with percent basal area killed or canopy opening. Mean richness of shrub and woody vine species per 4 m2 quadrat increased from 2.7 in year 1 to 3.8 in year 18; species per plot (e.g. per 25 4-m2 quadrats) increased from 6.0 to 10.3 over the same period. The dominant woody shrubs were members of the Ericaceae, particularly Gaylussacia baccata, Vaccinium pallidum and Kalmia latifolia. Dominant woody vines were Smilax glauca and S. rotundifolia.
On sites that had not burned since 1940, mean shrub and vine cover in 1977-1978 was 45%, a value higher than that observed on burned plots in any year. In 1995, mean cover had declined to 19%. In both 1977-1978 and  1995, quadrat and plot-scale richness were within the range observed in 1 -18 yr-old burned stands. Gaylussacia baccata and Kalmia, which were abundant on some burned plots, occurred at much lower levels in unburned stands; in contrast, Gaylussacia ursina was far more abundant on unburned than on burned sites.
Cover of all major woody shrub and vine species showed marked decreases over the period 1977-1978 to 1995.
Herbaceous plants
Mean herbaceous cover increased from 3% during the first growing season after fire to 15% in year 2 and remained between 21 and 24% in years 3,4 and 8 (Fig. 2) .
Maximum herb cover showed a highly significant posi- 1977 1978 1979 1980 1984 1995 1977-78 1995 Burned Unburned b. 1977 1978 1979 1980 1984 1995 1977-78 1995 Burned Unburned tive correlation with basal area killed and a highly significant positive correlation with canopy opening but was uncorrelated with post-fire litter depth. 18 yr after fire, mean herbaceous cover had dropped to 4%. Trends in fine-scale herb richness generally mirror those in cover.
Important herbaceous species on burned plots include (Table 5) With few exceptions, the herbaceous species important in the first 18 yr of post-fire succession were observed in plots by the first or second year after fire. Dominance of the herbaceous layer shifted from Pteridium in the first growing season after fire to Erechtites in years two and three to Schizachyrium in years 4 to 8. By year 18, Schizachyrium cover dropped to only 5% of its year-8 value and Pteridium again dominated the relatively sparse herbaceous layer.
On sites that had not burned since before 1940, herbaceous cover and richness were much lower than those observed on burned plots in the first decade after fire. The only herbaceous species with mean cover exceeding 1 % was Galax aphylla and several herb species abundant in burned plots were absent from sample quadrats in unburned plots.
Discussion
Wildfire effects and short-term vegetation changes on xeric sites in western GSMNP are similar to those observed in other xeric southern Appalachian forests one to two years after wild or prescribed fires (Elliott et al. 1999) ; longer-term changes appear to follow the general pattern of succession after fire, logging and agricultural abandonment in the southeastern US (e.g. Keever 1950 ). Mean cover and fine-scale richness of herbaceous species in unbured plots were sharply lower than those observed in burned plots in the first eight years after fire, and most of the herb species important in early post-fire succession were rare or absent in unburned plots.
Our stand-based successional data can be combined with data on fire history to yield fresh insights into the effects of changing fire regimes on southern Appalachian xeric forests. The distribution of landscape states under a given fire regime can be estimated using the negative exponential model (Johnson & Van Wagner 1985) . Under the early 20th century fire rotation of 12.7 yr (Harmon 1982) , more than 50% of xeric stands would have time-since-fire dates of eight years or less, ca. 25% of the landscape would be occupied by stands correlation with litter depth and a marginally positive correlation with pre-fire pine beetle damage but was uncorrelated with measures of canopy opening per se. Shrub cover was highest on sites of winter bums, where deep litter remained after fire. Thus, bum season and its effects on litter depth may influence the outcome of competition between Pinus, other tree species and shrubs such as Kalmia (Vose et al. 1995) . Herbaceous diversity appears to respond primarily to tree mortality and associated canopy opening. While our results are suggestive, the growing literature on experimental burs in xeric southern Appalachian forests (e.g. Elliott et al. 1999; Waldrop & Brose 1999) should allow more rigorous assessment of the effects of fire severity and season on vegetation response. (e.g. Barden & Woods 1973; Harmon et al. 1983) .
In many respects, effects of reduction in fire frequency in on xeric forests in GSMNP parallel those observed in fire-suppressed Pinus ponderosa woodlands in the southwestern US (Covington & Moore southeastern coastal plain (Ware et al. 1993 
